Abstract: Effect of weather factors on fluctuations of spore population of Pyricularia grisea and the occurrence of the disease was considered. During growing seasons of 2006-2007, paddy fields were chosen in distance of five kilometers from weather stations of Rasht, Lahijan and Anzali in Guilan province and spore population (Ps) were measured daily using sporetraps. Weather data including precipitation (P), daily maximum and minimum temperature (T max , T min ), daily maximum and minimum relative humidity (RH max , RH min ) and sunny hours (SH) were obtained from weather stations. The relationship between spore population fluctuations and weather data was analyzed and the most important weather factors affecting spore population and predicting blast were determined. Accordingly, weather factors such as P, T max , RH min and SH are the most important factors predicting rice blast in Guilan and enough precipitation, increased daily RH min , decreased daily T max and SH result in increased spore population and blast occurrence during next 7-10 days.
INTRODUCTION
Rice is the second most important crop in Iran and is considered to be the main staple food in the Iranian diet. Annually, various factors including pests, diseases, weeds, drought, harvest and storage losses etc. threaten rice production. Rice blast caused by Pyricularia grisea (Cooke) Sacc., teleomorph: Magnaporthe grisea (Hebert) Barr, is considered the most important rice disease in Guilan province. Despite the availability of resistant varieties to blast and increased their cultivation in recent years, farmers in Guilan still prefer their own susceptible local varieties because of their quality. In order to maintain the crop yield and control the disease, farmers apply fungicides frequently without adequate planning and proper time which adversely affect the sustainable production and agricultural environment. To provide an effective programming for the blast chemical control, it is essential to evaluate key factors involved in the disease progress and forecasting system. Many factors affect the blast severity including susceptibility of varieties, date and space of transplanting, amount of applied N fertilizer and weather factors such as daily relative humidity, daily temperature, amount of precipitation, dew, velocity and direction of wind and the amount of sunshine. Thus to introduce a forecasting model, it is necessary to consider the effects of these factors on the blast occurrence and its severity.
In different areas of rice production in the world, many researches were done to introduce a forecasting model for blast disease and in some of them number of spores caught in certain periods was applied for forecasting leaf or neck blast (Kuribayashi and Ichikawa 1952; Ono 1965; Kim 1982) . Sometimes the disease predicted based on weather factors affect its epidemic. For example Ono used mean per cent of sunshine, temperature or precipitation for forecasting neck or leaf blast outbreak in Japan. In another model introduced by Ono (1965) , factors such as sum of sunny days and manure index were used for predicting rice blast. In other studies, factors like dew period (El Refaei 1977) , temperature (Yoshino 1971) or minimum dew period required for infection, as a function of temperature (Kingsolver et al. 1984) , were included in the models. Tsai (1986) and Tsai and Su (1984) gathered data on disease progress and weather factors during [1979] [1980] [1981] [1982] [1983] [1984] in Taiwan and worked out several multiple regression equations to predict infected leaf area percentage. Uehara (1985) used multivariate statistical analysis techniques, such as principal components and cluster analysis to classify regions according to the degree of occurrence of leaf and panicle blast. Kim et al. (1987 Kim et al. ( , 1988 developed an algorithm to index weather in respect to blast suitability. Kim et al. (1987) also showed the importance of soil moisture conditions in forecasting rice blast. In India, Padmanabhan (1965) applied minimum temperature and relative humidity (RH) to predict blast occurrence. Calvero et al. (1996) generated some regression equations based on consecutive days with RH ≥ 80% (CDRH80), number of days with RH ≥ 80% (NDRH80), consecutive days with precipitation and number of days with precipitation ≥ 84 mm day -1 , mean maximum and minimum temperatures and number of days with wind speed above 3.5 m/s to predict the disease.
Sometimes the blast disease is predicted using a combination of factors. For example forecasting can be based on weather and spore catch. El Refaei (1977) used data from blast nursery trials to develop several linear regression equations that separately relate the number of lesions per seedling to weather variables (dew period, mean day or night temperature, mean day or night RH and rainfall) and airborne inoculum density. Other workers also have used this approach (Chien et al. 1984; Tsai and Su 1985) . Tsai (1986) and Tsai and Su (1984) included data on spore catch on several rice varieties.
Some of complicated forecasting models are based on weather, spore catch, disease parameters and host plant criteria. For example a method to predict the number of leaf blast lesions per plant using multiple criteria was developed in Korea (Kim et al. 1975) . Kingsolver et al. (1984) presented multiple regression equations for predicting the number of leaf blast lesions for different inoculum densities or different varieties. Other scientists in Japan (Muramatsu and Koyanagi 1977; Kono 1977; Shimizu 1980; Hashiguchi and Kato 1983 ) also tried to develop statistical methods, such as multiple regression analysis, for quantitative forecasting. The independent, predictor variables used, were date of initial leaf blast occurrence, plant height, tillers per hill, per cent diseased plants on 15 July (the early stage of the leaf blast epidemic), cumulative number of spores trapped from transplanting to 15 July, monthly mean temperature and precipitation, plant height in late June and minimum temperature or duration of sunshine in July and August.
The first studies on rice blast forecasting in Iran was carried out by Esmailpoor (1980) . In this study, blast severity was evaluated on different local cultivars based on mean temperature, relative humidity, dew and precipitation. The relationship between the blast severity and number of trapped spores using sporetrap was also determined. Izadyar (1983) studied the relationship between weather conditions and the leaf and neck blast progress on different cultivars in Guilan province. He concluded that blast occurrence and progress in the field is highly related to favourable weather conditions during susceptible stages of these varieties and the infection would not occur if the minimum night temperature was not higher than 19.5°C. The relationship between the minimum temperature during transplanting to the initial disease occurrence in the field and the leaf blast severity was determined by Izadyar (1993) as well. He related the higher mean of minimum temperature during transplanting until initial disease occurrence to the higher severity of the leaf blast and also shorter period between transplanting and initial disease occurrence. In other words, there is a negative correlation between the mean minimum temperature and a temporal gap between transplanting and initial disease occurrence.
At the present, a comprehensive study is performed to determine the predicting factors of rice blast occurrence and loss assessment in Guilan province. In this study, the effect of weather factors on the fluctuations of field spore population and forecasting the disease are taken into consideration.
MATERIALS AND METHODS
In order to introduce a forecasting model for rice blast disease in Guilan province, it is necessary to determine key factors affecting the disease epidemic. Studies have shown that these factors include the level of host susceptibility, date and space of transplanting, number of seedlings per hill, the amount of applied N fertilizer and time of its application, date of initial disease occurrence and its initial incidence or severity, the airborne spore population, weather factors such as soil and water temperatures, day and night relative humidity (RH), precipitation, hours of dew and its amount, leaf wetness duration, wind speed and direction and the amount of sunshine and the fungicide applied (mode of action, date of application and careens duration). In this research, during growing seasons of 2006-2007, some fields were chosen in distance of five kilometers from weather stations in three regions of Guilan province including Rasht, Anzali and Lahijan. The daily airborne spore population in these fields was measured using sporetraps. Sporetraps used in this research included a woody stalk with 1.5 m height on which two lines of microscope slides (five slides in each line) were placed on two pieces of glass (10x20 cm). Four sporetraps were used for the fields of each region and these stalks were placed in four directions. Each slide was covered with vaseline to absorb the airborne spores. Slides were collected every evening and the absorbed spores counted by light microscope (100x). Weather data like precipitation (P) (mm), maximum and minimum daily temperature (T max , T min ) (°C), maximum and minimum daily relative humidity (RH max , RH min ) (%) and sunny hours (SH) were obtained from weather stations. Then the relationship between spore and weather factors fluctuations was considered and the most important factors affecting airborne spore population and finally disease forecasting was determined.
Three fields in Anzali, three in Lahijan and one in Rasht were selected and final leaf blast severity was measured on 1000-1500 leaves on each of these fields by ran-dom selection of the tillers in the fields' diagonal, using the international scale (IRRI 1996) and finally, the mean of leaf blast severity was computed for each field. The number of infected panicles (neck blast) of total 1 000 panicles in each field and their infection types were also recorded. Then neck blast index was computed for each field using the following equation (IRRI 1996) Using the experimental design of split-plot (in three replications) for local cultivar Hashemi, the effect of two dates (one week gap) and two spaces of transplanting (20x20 and 25x25 cm) and three levels of N fertilizer (75, 125 and 175 kg/ha) on leaf and neck blast occurrence were investigated. The plots were 4x5 m 2 and the mean final leaf blast severity and neck blast index were computed by evaluating 150 leaves or panicles (IRRI 1996) .
In order to predict the final leaf blast severity (Y flbs ) and the neck blast index (Y nbi ), weather factors including T max , T min , T, RH max , RH min , RH, P, SH and number of spores trapped (Ps), were used for developing predictive models. For predicting leaf blast, these factors were considered for June and July and for neck blast, the same factors were used for August. Stepwise regression analysis was applied for introducing the models using State Graphics plus 3.0. Analysis of variance and comparison of means were done using SAS v 6.12 and data were transformed to arcsin√X. Statistics like r, R 2 , aR 2 , SE, F and Durbin-Watson were applied to compare the models efficacy and selecting the best one.
RESULTS
During this study, the blast airborne spores daily population was determined by observing covered with Vaseline slides under light microscope (100x) and maximum of trapped spores were recorded for each region. In 2006, the first blast spores were trapped on June 13 in three regions and trapping of spores was continued for 50 days until August 1. Figure 1 shows the spore daily population in three regions during this period. Three peaks of spore were recognized in these regions. The first peak of spores started on June 16 in Rasht and Lahijan and June 15 in Anzali and finished on June 22 in three regions. The second peak started on July 12 in all three regions and finished on July 17 in Rasht and July 14 in Anzali and Lahijan. The third peak started on July 24 and finished on July 28.
The spore population and weather factors fluctuations were considered together in these regions in 2006 to find out the relationship between these two phenomena ( Fig.  1 ). In Rasht (Fig. 1a ) precipitation was 9.2 and 3.6 mm on June 12 and 13, respectively, and during these days, daily T max decreased from 30°C to 25-27°C, while the daily T min did not decrease, but increased as much as 1-2°C reaching 20°C. The daily RH min also increased by 7-10%, but daily RH max did not change much. Also during this period, sunny hours were 0-1.5 h per day and it was mostly cloudy. The second peak of spores in Rasht started on July 12. Considering the weather factors before this peak, there was 27.1, 29.5, 9.1, 1.3 and 0.1 mm precipitation on July 3-6 and 11 respectively, the decrease of daily T max by 5-7°C and the increase of daily RH min by 30-40%, but daily T min did not change much. Some days before coming up the third peak of spores in Rasht, weather factors followed the same changes, but with less consistency. Thus, spore population did not increase much and a small peak occurred.
The spore and weather factors fluctuations in Lahijan are shown in figure 1b. Accordingly, some days before the observation of first peak of spores, on June 12 and 13, some precipitation occurred. Also during this period, daily T max decreased by 1-4°C, daily RH min increased by 10-30% and sunny hours reached 0.3-3.3 h per day and these conditions lead to the increase of airborne spore population some days later. Also on July 3-6, precipitation was 24.2, 13.7, 2.6 and 0.7 mm respectively, and during these days, daily T max decreased by 4-9°C, daily RH min increased by 20-50% and sunny hours reached even zero. These changes resulted in the increase of airborne spore population 4-5 days later. This good relationship was also observed for the third peak.
About 4-5 days before observing the first peak of spores in Anzali, decrease of sunny hours was observed, but precipitation, decrease of daily T max or increase of daily RH min did not occur (Fig. 1c) . Four to five days before the second peak, on July 3-5, the precipitation was 11.8, 21.9 and 22.9 mm respectively, and daily T max decreased by 1-7°C, daily T min decreased by 2-5°C, daily RH min and RH max increased by 20-25% and sunny hours reached zero. These trends were also observed for the third peak.
In the second year of the experiment (2007), the first spores were trapped on June 7 and trapping of the spores continued until August 16. Totally, three spore peaks were observed in each of three locations (Rasht, Lahijan and Anzali). In Rasht, the first peak started on July 11 and finished on 15. The second peak started on July 20 and finished on July 22. The third peak was from August 12 until 13. In Lahijan and Anzali, the first peak of spores started on July 14 and finished on July 15. The second peak started on July 20 and finished on July 22. The third peak in Lahijan was from August 12 to 13 and for Anzali from August 10 to 12 (Fig. 2) .
Considering weather conditions during the spore trapping period, until July 11 in Rasht, weather conditions were not favourable for blast fungus sporulation. Until July 11, daily T max was higher or lower than 26-28°C (that is favourable to blast fungus), or RH min was lower than suitable (higher than 60%). From July 11 to 15, especially on July13 and 15, because of increasing of RH min and suitable temperature (simultaneously), the population of airborne spores increased. From July 20 to 22 and August 12 to 13, again similar weather conditions were observed (Fig. 2a) . Also, before the occurrence of these suitable temperature and humidity conditions, decreasing of sunny hours and precipitation occurred.
In Lahijan, the first peak of spores was observed when RH min increased and T max was between 26 and 28°C (on July 14 and 15). The second and third peaks were also observed when there were similar weather conditions on July 20-22 and August 12-13. Decrease of SH and also precipitation were the other two favourable conditions which occurred before the peaks (Fig. 2b) .
In Anzali, similar relationship between spore population fluctuations and weather conditions was observed (Fig. 2c) . Based on variance analysis of the neck blast index, there was not any significant difference between the two years and different fields in each year, but some differences were shown by comparing the means.
In order to introduce a forecasting model for rice blast disease in Guilan province, weather factors such as T max , T min , T, RH max , RH min , RH, P and SH and Ps were used as independent variables. For leaf blast, these factors were considered for June and July and for neck blast, the same factors were used for August. The data of three regions were applied for introducing a model for the whole province. Tables 1 and 2 show the models resulted from step wise regression for predicting final leaf blast severity (Y flbs ) and neck blast index (Y nbi ). Statistics like r (correlation coefficient), R 2 (coefficient of determination), aR 2 (adjusted R 2 ), SE (standard error), F and Durbin-Watson were used for selecting the best model(s). Among independent variables used for predicting Y flbs , variables such as Ps, P and SH showed high correlation with final leaf blast severity, but such high correlation were not observed for temperature and relative humidity.
Among single point models, predictors such as T min and RH min (during June and July) as polynomial equations and Ps, P and SH as linear models showed good correlation with final leaf blast severity (R 2 ≥ 50%). These five factors were used for creating multiple regression equations. Increased number of independent variables in the models resulted in increasing the statistics, so considerable increment in R 2 and aR 2 and decrease in SE were observed. The Durbin-Watson statistic as an indicator of the autocorrelation between errors was considered. Finally, the best model for forecasting Y flbs was the one that five predictors were applied as variables in it (R 2 = 96.73%):
Y flbs = -2.41-2.80 T min +0.68 RH min -0.015 Ps-0.014 P+0.052 SH
In forecasting neck blast disease, independent variables such as RH max , P and SH during August, showed high correlation with neck blast index (Table 2) . When the resulted single predictor models were compared using above mentioned statistics, only maximum relative humidity and precipitation as linear or polynomial models showed good correlation with neck blast index. But, regarding to approved effects of temperature, total number of spores and sunny hours on blast incidence and severity and the correlation between different predictors with Y nbi , five factors including T max , RH max , Ps, P and SH were applied for neck blast forecasting as multiple regression equations. Finally, the best model was considered to be the one with five predictors, as the following (R 2 = 73.97%): Variance analysis and comparison of the means of early and final leaf blast severity and neck blast index for this year, showed significant difference between replications and N fertilizer levels (α < 0.05) for early leaf blast severity, but mean comparison based on Duncan ' s multiple range test (α = 0.05) did not show any significant difference. Also, no significant difference was observed between replications or N levels for final leaf blast severity and neck blast index in 2006.
In 2007, variance analysis showed significant difference between N fertilizer levels, date (one week gap) and space of transplanting and the interaction of N fertilizer levels and date of transplanting (α < 0.01) and the interaction of date and space of transplanting (α < 0.05) for early leaf blast severity. Based on means comparison, N fertilizer levels and date and space of transplanting were segregated into three and two groups, respectively. For final leaf blast severity, N fertilizer levels and space of transplanting showed significant difference (α < 0.01 and α < 0.05, respectively) and based on mean comparison, N levels were grouped in A, B and C. For neck blast index, also significant difference was observed between replications (α < 0.05) and N fertilizer levels (α < 0.01) and three N levels were grouped in A and B based on mean comparison. Two dates of transplanting were also divided into two groups based on mean comparison (α = 0.05). Tables 3 and 4 show resulted models for forecasting Y flbs and Y nbi based on the amount of applied N fertilizer and date and space of transplanting during 2006 and 2007. There was a high correlation between N fertilizer application (F) and Y flbs , but this high correlation was not observed for space of transplanting (Table 3) . For Y nbi , the inverted trend was observed. We observed high correlation between N fertilizer application and Y flbs and Y nbi , but this high correlation was not noticed for date and space of transplanting (Table 4 Adding date and space of transplanting to this equation did not help much to increase R 2 and usually decreased it.
The best equation for predicting Y nbi was also obtained for 2007 when N fertilizer level and date and space of transplanting were used simultaneously in a multiple regression equation (R 2 = 54.40):
Y nbi = 2.06+0.33 F+0.10 D-0.03 S Adding date and space of transplanting to this equation did not help much to increase R 2 and using N fertilizer levels in a polynomial equation alone resulted in R 2 = 52.34. 
DISCUSSION
Three peaks of spores were recognized in Rasht, Lahijan and Anzali. Considering that Anzali is near the Caspian Sea, we can interpret some differences existing in the weather factors fluctuations between Anzali and Rasht and Lahijan, because Rasht and Lahijan are same distance away from the sea. It is interesting that, the dates of starting and finishing the peaks in Rasht, Lahijan and Anzali was consistent with the dates of starting and finishing favourable weather conditions (for example compare the first peak in Rasht with Lahijan and Anzali and the third peak of Lahijan with Anzali in 2007).
These results showed that the key weather factors for predicting spore peaks and the occurrence of rice blast epidemic in Guilan province are consequently precipitation, daily T max , daily RH min and SH and factors such as daily T min and daily RH max are less important. Our data indicate that higher spore population occurred 3-5 days after precipitation, decrease or increase of daily T max reaching 26-28°C, increase of daily RH min reaching 60-70% and decrease of SH reaching less than 1-3 h per day. These conditions lead to the occurrence of blast lesions and increasing blast incidence and severity (on leaves and panicle necks) 7-10 days after suitable weather conditions. These results are consistent with the results of studies done by Esmailpoor (1980) , Izadyar (1983) and other studies conducted in other rice growing areas, based on factors like precipitation, the decrease of daily temperature and having temperate condition, the increase of daily RH and decrease of sunny hours were used for blast disease forecasting. These results help to predict blast disease in Guilan province and to have suggestions about the date of fungicide application and how often it should be applied.
Variance analysis of final leaf blast severity in 2006 and 2007 and their mean comparison using Duncan ' s multiple range test, showed significant difference between two years, but there was not any significant difference among the experimental fields surveyed in each year. This is possibly due to similar weather conditions in Rasht, Lahijan and Anzali and different weather conditions during 2006 and 2007, especially in June and July.
On the basis of variance analysis of the neck blast index, there was not any significant difference between two years and different fields in each year, but some differences were observed by mean comparison. This similarity was due to similar prevailing weather conditions during August for two years and also leading to the point that, if there is a minimum population of spores for neck infection and usually this minimum exists because of leaf infection, neck blast infection is not determined by final leaf area infection.
Among independent variables used for predicting final leaf blast severity, variables such as Ps, P and SH showed high correlation with final leaf blast severity, but correlation between temperature and relative humidity with the same index was low. Positive correlation between temperature and final leaf blast severity was due to cool weather during June and July, therefore during this period, T max would not exceed the suitable range for blast disease (26-28°C) leading to low blast severity. There was negative and insignificant correlation between RH and final leaf blast severity. Negative correlation between Ps and final leaf blast severity and positive correlation between SH and final leaf blast severity indicate that Ps and SH are not the only determinants of the blast severity, therefore forecasting based on these predictors is not reliable. Negative correlation between precipitation and final leaf blast severity was because of removing the spores from the air and excluding them from the disease cycle by strong rain, so that the increase of the amount of precipitation during June and July in 2006, resulted in the decrease of leaf blast severity in comparison with 2007. Then, only the amount of precipitation necessary for providing high RH is suitable and increasing its amount will have negative effects on blast severity.
The model introduced for predicting final leaf blast severity in Guilan province is similar to the models introduced by Calvero et al. (1996) , in independent variables which were used as predictors. This model which has high coefficient of determination will be introduced for predicting final leaf blast severity in Guilan province, after being validated and determination of the model ability for forecasting.
Independent variables such as RH max , P and SH during August, exhibited high correlation with neck blast index. Regarding the increasing of temperature during August, the temperature effect on neck blast severity would be decreasing and considering the low precipitation during this month in Guilan, having high precipitation would increase neck blast occurrence. In this investigation, T min and RH min were used for leaf blast forecasting, but for neck blast, T max and RH max were used, because during August we usually have high T min and RH min in Guilan and therefore they are not good predictors for neck blast severity, so having suitable T max and RH max during this period is considered to be determinant factor for the blast severity. Thus high T max (more than 30 Ċ) and low RH max (less than 88%) will stop blast progress on the panicles.
The model introduced for predicting neck blast index here is similar to the models introduced by Calvero et al. (1996) , in the case of independent variables were used as predictors. Our model that has high coefficient of determination will be introduced for forecasting neck blast index in Guilan province, after validation and determination of the model ability for forecasting.
The effects of amount of applied N fertilizer and date and space of transplanting on the means of early and final leaf blast severity and neck blast index were studied in 2006 and 2007. Variance analysis and comparison of the means of early and final leaf blast severity and neck blast index for these years, showed significant difference between replications and also N fertilizer levels and to some extent, date and space of transplanting, for early leaf blast severity, final leaf blast severity and neck blast index in 2006 and 2007. These results show that the amount of applied N fertilizer has a significant effect on early and final leaf blast severity and neck blast index and increasing the amount of N results in increment the blast disease in all stages of rice growth, but date and space of transplanting are less effective.
